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ABSTRACT 
 
 
 
The airflow across the horizontal tail of STOL CH 750 light aircraft was investigated 
to obtain reliable result data regarding its characteristics. In particular, the simulation 
involving the horizontal tail, which consists of stabilizer and an elevator, was carried 
out to study the critical angle of attack for 11 elevator deflection cases at certain 
Reynolds and Mach numbers of the incident airflow. The horizontal tail geometry 
was firstly obtained using SolidWorks 2012 and analyzed. The model was meshed 
using three-dimensional tetrahedron meshing method and was stimulated under 
specified boundry conditions and parameters. The simulations are done for-28
o
 to 28
o
 
elevator deflection angles at -20
o
 to 20
o
 angles of attack, where the effective angles of 
attack was taken into account. At Re = 2 630 000 (i.e. Re > 10 000) and Ma = 0.139 
(i.e. Ma < 0.4), the airflow was turbulent and incomprehensible. In the case of 
downward deflections, as the deflection angle decreases, drag coefficient Cd and that 
of lift C1 also decrease. Its corresponding stall’s angle of attack gradually increases 
within 2.5
o
 margin. The coefficients Cd and C1 increases as the deflection angle 
increases, in the case of upward deflections, and the corresponding stall’s angle of 
attack gradually decreases within 2.5
o
 margin. 
 
 
 
 
  
ABSTRAK 
 
 
 
Pergerakan angin sepanjang ekor pesawat ringan STOL CH 750 yang mendatar dikaji 
untuk mendapatkan hasil data yang berpotensi tinggi bagi menerangkan ciri-cirinya. 
Secara spesifikasinya, simulasiny berkenaan ekor yang mendatar, yang terdiri 
daripada ‘stabilizer’ and ‘elevator’ telah dijalankan untuk mengkaji sudut angin tuju 
yang kritikal bagi 11 keadaan sudut ‘elevator’ yang berbeza pada nombor Reynolds 
dan nombor Mach yang tertentu bagi angin tuju itu. Geometri ekor yang mendatar itu 
dilukis terlebih dahulu dengan menggunakan perisian SolidWorks 2012 dan 
kemudian dianalisis. Teknik ‘mesh’ yang digunakan adalah teknik Tetrahedron tiga 
dimensi dan simulasi dijalankan dengan penggunaan parameter dari ANSYS 
FLUENT. Simulasi dijalankan pada sudut ‘elevator’ -28o hingga 28o , dan pada sudut 
angin tuju -20
o
 hingga 20
o
, di mana sudut angin tuju yang effective bagi keadaan 
masing-masing diambil kira. Pada Re = 2 630 000 (i.e. Re > 10 000) and Ma = 0.139 
(i.e. Ma < 0.4), cirri-ciri pergerakan angin adalah ‘turbulent’ dan tidak boleh 
dimampatkan. Untuk sudut ‘elevator’ ke bawah, semakin berkurang sudut ‘elevator’, 
semakin berkurang nilai Cd dan C1 dan sudut berlakunya ‘stall’ turut membesar dalam 
lingkungan 2.5
o 
. untuk sudut ‘elevator’ ke atas, semakin meningkat sudut ‘elevator’, 
semakin meningkat nilai Cd dan C1 dan sudut berlakunya ‘stall’ turut mengecil dalam 
lingkungan 2.5
o
. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
In the history of long distance travelling, transportation is an important aspect which 
contributes to the comfort, luxury, and smooth sailing with sufficient speed to deliver 
anyone to their respective destination as fast as possible. As transportation evolves, 
the theory of friction reduction has elevated vehicle such as a simple automobile, into 
an aircraft, a masterpiece that flew through the vast sky, realizing one of human’s 
wildest dreams; to fly freely like a bird. 
The airplane, originally an ingenious invention by the Wright brothers, has 
pushed every aspect of engineering brilliance to the very limits of technology. The 
design and manufacturing process takes precise measurement and coordination. 
Every individual part has its own critical role and works simultaneously together 
with all the other parts to climb, dive, turn, and even roll this hefty metal bird in the 
air. The crucial elements which make all of the manoeuvres possible for an aircraft 
are aerodynamics and how we utilize it, or in other words, “direct” it, according to 
the pilot’s needs. 
Each part of an aerofoil is really important to keep the aircraft in high 
stability at all times, “cutting” through the air stream without causing unnecessary 
and excessive drag force to act upon the aircraft’s body. Therefore, the design and 
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manufacturing process of each part must undergo extensive quality control tests to 
ensure all part’s specifications are in line with standard requirements. 
A horizontal tail is a small lifting surface which is located on the empennage 
(the rear part) of an aircraft. Varying from its other counterpart, the main lifting 
surfaces, which are the wings, serve mainly for providing a large amount of lift to 
maintain and manoeuvre the aircraft in mid-air while the horizontal tail serves for 
maintaining the equilibrium, stability, and control over the aircraft. 
Today, technology development has made computational analysis and 
numerical prediction possible for simulating airflow over a horizontal tail. To 
determine the air flow characteristics for a set of stabilizer and elevator using 
simulation software, it is a priority to understand how fluid flows and how to model a 
rigid body (stabiliser and elevator) before simulating the airflow over it. 
 
 
1.2 Background study 
 
 
Aerofoil, a specific geometry strongly related to the aeronautical engineering, is a 
structure with curved surfaces designed to give the most favourable ratio of lift to 
drag in flight. It is used as the basic form of, for instance, the wings, fins, and 
horizontal stabilizers of most aircrafts. Attempting to grasp the engineering wonders 
behind everything that makes a bulky metal structure into an aircraft is an act of jack-
of-all-trades. However, the basic engineering theory for all the major parts of an 
aircraft are all the same, either in designing the wings, fins or stabilizers, since it will 
all refer to the same crucial principal; the effectiveness of the aerofoil shape. 
 Focusing at the rear of a fuselage (the tail section), most aircraft will have a 
horizontal stabilizer and an elevator. The stabilizer is a fixed wing section whose job 
is to provide stability for the aircraft, so that it will keep flying straight. The 
horizontal stabilizer prevents unnecessary pitching (up and down movement) motion 
of the aircraft nose. The elevator is the small moving section at the rear of the 
stabilizer that is attached to the fixed sections by hinges. 
 As noted that the elevator is a moving section, its movement will varies the 
amount of force produced by the airflow over the tail surfaces and is used to generate 
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and control the pitching motion of the aircraft. In this work, a single type of elevator, 
not pair, is considered. 
Elevators are used to control the position of the nose of the aircraft and the 
angle of attack of the wing. Changing the inclination of the wing to the local flight 
path will change the amount of lift which the wing generates. This, in turn, causes 
the aircraft to climb or dive. During “take-off”, the elevators are used to bring the 
nose of the aircraft up to begin the “climb-out”. During a banked turn, elevator inputs 
can increase the lift and cause a tighter turn. 
 That is why the performance of stabilizers, paired with their respective 
elevators, is extremely important in piloting an aircraft, which determines the 
manoeuvrability of the aircraft itself. 
The amount of drag or lift generated by the interactions between the fluid 
flow and stabilizer-elevator are commonly measured via their respective coefficients, 
which are dimensionless quantities that are used to quantify drag (reaction force in 
the opposite direction of any given airflow velocity) and lift (reaction force in the 
normal direction of any given airflow velocity), respectively, of an object in a fluid 
environment such as air or water. The nomenclature CD and CL are being used in 
their respective drag and lift equations, which directly affect the final amount of drag 
and lift force acted on an aerodynamic body (i.e. higher CD and CL will indicate 
higher drag and lift force, and vice-versa). These coefficients will simplify the 
calculation of airfoils with identical surface profile as they are dimensionless and 
applicable to any chord length. 
 
 
1.3 Problem statement 
 
 
The aircraft horizontal tail that consists of stabilizer-elevator is the subject of interest 
in this study. The elevator works by changing the effective shape of the aerofoil of 
the horizontal tail. Changing its angle of deflection would affect the amount of lift 
generated. Lift force increases with greater downward deflection and vice-versa. 
 Changing the elevator’s angle of deflection will also affect the angle of attack 
acting on the respective stabilizer. It is uncertain what angle of attack of the stabilizer 
that provides optimum airflow characteristics over the horizontal tail. 
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 This work simulates and concludes at what angle of deflection the airflow 
characteristics will be optimized at its respective angle of attack. 
 
 
1.4 Objectives 
 
 
The objectives of this study are: 
1. To determine air flow characteristics for a set of stabilizer-elevator using 
simulation software. 
2. To determine the optimum deflection angle of the elevator with its respective 
Reynolds number, Re and Mach number, Ma. 
 
 
1.5 Significance of study 
 
 
It is relevant for this simulation to be applied in the design and manufacturing 
industries as it does not only help to determine the optimum deflection angle that 
positively affects the horizontal tail, but also reduces the production cost by 
simulating the outcome of a design first and making any modification necessary 
during this stage, before manufacturing process. 
 Within UTHM, this study will definitely be beneficial as a reference data and 
can be used for recommended future works by, in particular, other aeronautical 
engineering technology students. 
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1.6 Scope of study 
 
 
The scopes of this study are as follow: 
 Study of fluid properties in Advanced Fluid Dynamics. 
 Model of the rigid body (stabilizer and elevator). 
 Simulation of the air flow over the rigid body. 
 Discretization of the governing equations. 
 Modelling and simulation will be according to FAR 23 rules and regulations. 
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CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Introduction 
 
 
There are many before this whose have been researching on the air flow properties 
and aerodynamic characteristics of the wings and horizontal stabilizers of an aircraft 
and suggested on the improvement of the effectiveness of its aerofoil shape. Those 
researches in the past are were well known for its validation superiority because of 
their method using experimental analysis, but such method consumes a lot of time, 
cost, and effort to build and set up the facility and equipments; the obvious facility 
would be the wind tunnel. Moreover, the samples of models must be made 
beforehand with conventional method, which will consume more time and material 
cost, which will then be most likely be done repetitively until the exact or desired 
shape and result has been acquired. Theoretically, more failed experiments will result 
in more waste of materials, which will then be translated to cost-wise lost. 
 With the enormous technological advancement over the years, computer 
aided design (CAD), computerized solver, simulation, and animation have been 
introduced. With the aid from that software, waste problem can be eliminated by 
“virtually” design and create the desired model and predict its behaviour using 
simulation. Thus, in this study, we will discuss and survey the types of software and 
the relevant of choosing suitable software for a particular study case. 
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2.2 Software variation 
 
 
As technology advances, a lot of computer-base aids have been developed to help 
engineers all around the world, from every aspect of engineering field, from 
designing initial components for an electronic device to calculating and analyzing a 
structure accurately before deciding whether the project is safe for public use or 
otherwise. Here are some of the well-known software which has been rated “above-
average-performance” by most engineers in aiding with projects associated with 
component designing and overall analysis capabilities. Their background study and 
what the software claims it can achieve are shown as below. 
 
 
2.2.1 ANSYS background study 
 
 
As reviewed by most new-age engineers, ANSYS is a newly develop, general 
purpose software, used to simulate interactions of all disciplines of physics, 
structural, vibration, fluid dynamics, heat transfer, and electromagnetic for engineers. 
ANSYS enables the user to simulate tests or working conditions, which lets the user 
to test his/her designed model in virtual environment before manufacturing an actual 
prototype of the model. Determining and improving weak points, computing life and 
foreseeing probable problems are also possible with 3-dimensional simulations in 
virtual environment. 
 As claimed by ANSYS on its official website and further defined by FIGES 
Engineering, ANSYS software with its modular structure as seen in the Figure 2.1 
below gives an opportunity for taking only needed features. ANSYS can work 
integrated with other used engineering software on desktop by adding CAD and 
Finite Element Analysis (FEA) connection modules. 
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Figure 2.1: Features available in ANSYS [22] 
 
 
 As previously mentioned; ANSYS can import CAD data and also enables 
user to build a geometry with its pre-processing abilities. Similarly in the same pre-
processor, finite element model or also known as “mesh” which is required for 
computation is generated. After defining loadings and carrying out analyses, results 
can be viewed as numerical and graphical. Furthermore, ANSYS can carry out 
advanced engineering analyses quickly, safely, and practically by its variety of 
contact algorithms, time-base loading features, and non-linear material models. 
 Another important feature that ANSYS has to offer, which no other software 
within the same genre could, is its Workbench platform. As defined by FIGES 
Engineering, ANSYS Workbench is a platform which integrates simulation 
technologies and parametric CAD systems with unique automation and performance. 
The power of ANSYS Workbench comes from its solver algorithms with years of 
experience, which shows promising performance in achieving verification and 
improving of a designed model in virtual environment. 
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2.2.1.1 Claims 
 
 
In order to study and determine the air flow characteristics and aerodynamic 
properties surrounding the stabilizer and elevator, ANSYS also provide solution 
which uses Fluid Dynamics approaches, which is available as one of the features in 
its Workbench platform [22]. 
 
ANSYS claims that: 
 Its Fluid Dynamics solutions allow user to confidently predict the impact of 
any fluid behaviour on the user’s product. 
 Unparalleled fluid flow analysis capabilities. 
 Provide all the tools needed to design and optimize new equipment and to 
troubleshoot already existing installations. 
 Gives the user an insight into his/her product’s performance, single- or multi-
phase, isothermal or reacting, compressible or incompressible. 
 Well validated ANSYS Fluent and ANSYS CFX are available from its 
Workbench platform. 
 Provide robust and high-speed solvers with advanced modelling capabilities. 
 The technology is highly scalable, which provides efficient parallel 
calculations from a few to thousands of processing cores. 
 Allows user to perform advanced quantitative analysis or create high-quality 
visualizations and animations with its Fluent-CFX combination, full-featured, 
ANSYS CFD-Post fluid flow post-processing tool. 
 ANSYS Workbench delivers high productivity and easy to use workflows. 
 Integrates pre-processing, simulation, and post-processing of fluid workflow 
needs. 
 Integrates fluid structure interaction studies and electromagnetic/fluid 
coupling of multi-physics needs. 
 Allows for automated and easy to setup optimization or design exploration 
studies. 
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2.2.2 ABAQUS background study 
 
 
As one of many ANSYS adversaries, ABAQUS is a general purpose FEA package 
used to simulate the response of structures and solid bodies to loads, impacts, and 
thermal stress, and to visualize the results of simulations. As claimed by Indiana 
University’s knowledge base, ABAQUS software suite delivers accurate, robust, 
high-performance solutions for challenging non-linear problems, large scale linear 
dynamics applications, and routine design simulations. 
 Reviewing from ABAQUS’s respective vendor’s overview on its official 
website, Dassault Systèmes Simulia Corporation stated that product simulation is 
often being performed by engineering groups using niche simulation tools from 
different vendors to simulate various design attributes. The use of multiple vendor 
software products creates inefficiencies and increases costs. Therefore, in order to 
counter such problems, Simulia has decided to deliver a scalable suite of unified 
analysis products that allow all users, regardless of their simulation expertise or 
domain focus, to collaborate and seamlessly share simulation data and approved 
methods without loss of information fidelity. Thus, ABAQUS was introduced to the 
commercializing world of academic and industrial engineering. 
 As the vendor further explained, Simulia claims that the ABAQUS Unified 
FEA product suite offers powerful and complete solutions for both routine and 
sophisticated engineering problems, covering a vast spectrum of industrial 
applications. For example, in the automotive industry, engineering work groups are 
able to consider full vehicle loads, dynamic vibration, multi-body systems, 
impact/crash, non-linear static, thermal coupling, and acoustic-structural coupling 
using a common model data structure and integrated solver technology. To support 
such ambitious claim, Simulia quoted that “best-in-class” companies have already 
taken advantage of ABAQUS Unified FEA to consolidate their processes and tools, 
reduce costs and inefficiencies, and gain competitive advantages. 
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The ABAQUS suite consists of three core products; ABAQUS/Standard, 
ABAQUS/Explicit, and ABAQUS/CAE (Computer-Aided-Engineering) [23]. Each 
core products’ primary uses are described as below: 
 
 ABAQUS/Standard is designed to solve traditional implicit finite element 
analyses such as static, dynamics, and thermal. It is equipped with a wide 
range of contact and non-linear material options. It also has optional add-on 
and interface products, as well as integration with third party software. 
 ABAQUS/Explicit is focused on transient dynamics and quasi-static analyses 
using an explicit approach, which is appropriate in many applications such as 
drop test, crushing, and many other manufacturing processes. 
 ABAQUS/CAE provides a modelling and visualization environment for 
ABAQUS analysis products. It offers access to CAD models, advanced 
meshing and visualization, and an exclusive view towards ABAQUS analysis 
products. ABAQUS/CAE is used mainly for pre- and post-processing. 
 
 
2.2.2.1 Claims 
 
 
As one of the well-known ANSYS competitors, ABAQUS also has its own unique 
capabilities to offer. 
 
ABAQUS claims that: 
 It provides the most complete and flexible solution to understand the detailed 
behaviour of a complex assembly, refine concepts for a new design, 
understand the behaviour of new materials, or simulate a discrete 
manufacturing process. 
 Delivers accurate, robust, high-performance solutions for challenging non-
linear problems, large-scale linear dynamics applications, and routine design 
simulations. 
 Unmatched integration of implicit and explicit FEA capabilities, which 
enables the user to use results of one simulation directly in a subsequent 
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analysis to capture the effects of prior history, such as manufacturing 
processes on product performance. 
 Allows proven methods to be captured and deployed to the user’s enterprise 
with user programmable features, scripting, and GUI customization features, 
which enables more design alternatives to be analyzed in less time. 
 Allows the user to include details in his/her previously excluded models due 
to computing limitations by taking advantage of the latest high-performance 
parallel computing environments. 
 Allows for assumptions minimization and “turnaround” time reduction for 
high-fidelity results. 
 Capabilities are extended through complementary products, extensions, and 
interfaces to Alliance Partner products. 
 
 
2.2.3 STAR-CD background study 
 
 
Another competitive adversary in ANSYS hit-list is the STAR-CD software. As 
reviewed by Transportation Research and Analysis Computing Centre (TRACC) of 
Argonne National Laboratory, in their overview about STAR-CD on their official 
website, STAR-CD is a mature high-performance computational fluid dynamics 
(CFD) environment from CD-adapco. STAR-CD can perform reliable analysis of 
complex, multi-scale transport phenomena in realistic industrial systems. STAR-CD 
is well suited to the solution of large-model simulations that benefit from efficient 
solution algorithms, memory utilization, and scalability on multiple processors. It 
features a well-integrated platform for creating high fidelity models from concept or 
body-fitted meshes from existing CAD geometry models. It has robust solver 
technology for powerful multi-physics simulations involving turbulence, heat 
transfer, and reacting and multi-phase flows. It also provides a means for users to add 
new physics that can be expressed as source terms in the differential equations via 
user defined sub-routines. 
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 Further reviewed by TRACC, the recent advancements in STAR-CD’s CAD-
embedded technology and optimized polyhedral mesh generation dramatically 
improve its productivity and reliability, and enable analysts with widely varying 
skills and experience to gain insights from CFD. STAR-CD is also equipped with a 
rich selection of Reynolds-Averaged Navier-Stokes (RANS) turbulence models, 
versatile code-coupling capability, and powerful custom programming utilities, 
making it well suited to a wide variety of applications of interest to the TRACC 
community. Furthermore, the STAR-CD license allows an unlimited number of 
concurrent jobs as well as full access to all available cores. 
 
 
2.2.3.1 Claims 
 
 
In 2004, CD-adapco opted to shift their attention from improving STAR-CD to 
completely rewriting their computational fluid dynamics (CFD) algorithms and tools. 
The company gambled that in the end, starting from a “blank slate” with a group of 
experts, which would produce a better result than continuing to work improvements 
into their old products. Early that year, the company introduced a new product called 
STAR-CCM+, where “CCM” stands for “Computational Continuum Mechanics”. 
 
STAR-CCM+ claims that: 
 The application employs a client-server architecture, which allows user to 
solve problems from a lightweight computer (such as a laptop), while the 
computationally expensive math is done on a remote machine. 
 Therefore, substantially reduces the need for expensive desktop computers, 
which would have been a strong requirement of some other similar packages. 
 It was designed to simultaneously solve fluid flow and heat transfer problems 
from the start, which other competitive products often to be separate solvers 
coupled together. 
 Therefore, less time consuming and complication; this leads to significant 
accuracy improvement. 
 Includes world’s first commercially available polyhedral meshing algorithms, 
which improves the accuracy for solving fluid flow problems. 
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 Includes a tool called “surface wrapper”, which “shrink wraps” a user’s CAD 
geometry, filling any holes, overlaps, or cracks. 
 Therefore, cuts geometry preparation time down from days to minutes. 
 Unrivalled in its ability to tackle problems involving multi-physics and 
complex geometries. 
 Produces high-quality results in a single code with minimum user effort. 
 Enables user to entirely automate simulation workflow and perform iterative 
design studies with minimal user interaction. 
 Therefore, allow engineers to spend more time analyzing engineering data 
and less time preparing and setting up simulations [24]. 
 
 
2.3 Software of interest 
 
 
In this study, I have decided to choose ANSYS as my software of interest, which I 
will be using to simulate and animate the air flow characteristics surrounding the 
stabilizer and elevator. The choice of software to be used will differ from one 
individual to the other. It’s a matter of choosing the right tool for the right job. None 
of the mentioned software above is absolute brilliant or complete rubbish. One might 
find using a particular software suites his/her method of solving a particular problem, 
while others seems to have a difficult time utilizing the same software to complete 
their tasks. There are some problems best solved using certain software and others 
don’t. Again, it is a matter of choosing the right tool for the right job. 
 Age also contributes in the difference of software interest and perspectives. A 
veteran engineer with a wide range of experience would probably go for ABAQUS 
or STAR-CD software in approaching his/her engineering challenges because both of 
the software were already established during his/her service period. On the contrary, 
ANSYS is fairly new in the computational fluid dynamics software investment. 
Therefore, most of ANSYS users are consist of new-age engineers, which are 
exposed to ANSYS utilization since the beginning of their career. 
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 Profession is another aspect which differ one’s software interest with the 
others. Most academicians will use ANSYS as a part of their teaching materials 
while on the other hand; most industrial engineers will prefer ABAQUS or STAR-
CD to help them solve their daily engineering tasks. 
 
The reasons of choosing ANSYS: 
 It is currently being used widely in UTHM. 
 The Workbench platform is really systematic and user-friendly. 
 Allows high-quality visualization with its Fluent-CFX combination. 
 Provides sufficient meshing generation capabilities. 
 Works well with imported geometry files, such as “AutoCAD” or 
“SolidWorks” files. 
 There is an expert on ANSYS software in UTHM, which is my biggest 
source of help on utilizing ANSYS to solve my engineering challenges. She 
goes by the name Dr Norzelawati Binti Asmuin. 
 
 
2.4 Meshing variation 
 
 
Mesh generation is one of the most critical aspects of engineering simulation. Too 
many cells may result in long solver runs, and too few may lead to in accurate 
results. ANSYS provides a means to balance these requirements and obtain the right 
mesh for each simulation in the most automated way possible. 
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Figure 2.2: Mesh parameter changes [22] 
 
 
As what ANSYS claim, the highly automated meshing environment makes it 
simple to generate the following mesh types: 
 
 Tetrahedral 
 Hexahedral 
 Prismatic inflation layer 
 Hexahedral inflation layer 
 Hexahedral core 
 Body-fitted Cartesian 
 Cut-cell Cartesian 
 
Consistent user controls make switching methods very straight forward and 
multiple methods can be used within the same model. Mesh connectivity is 
maintained automatically. Different physics requires different meshing approaches. 
Fluid dynamics simulations require very high-quality meshes in both element shape 
and smoothness of sizes changes. 
The 2 primary mesh types are the tetrahedral and the hexahedral. The types of 
meshing used are entirely depending on the geometry and the expected result desired 
by the user. Meshing the actual pre-designed model will result in a structural analysis 
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approach; while meshing the fluid flow domain surrounding the pre-designed model 
will result in a computational fluid dynamics analysis approach. 
According to the ANSYS user manual [22], hexahedral meshing method 
provides generation of pure hex or hex-dominant mesh. Depending on the model 
complexity, desired mesh quality and type, and the time available to perform 
meshing, ANSYS provides a scalable solution. Quick automatic hex or hex-dominant 
mesh can be generated, or a highly controlled hex-mesh for optimal solution 
efficiency and accuracy. 
 
 
 
Figure 2.3: Automated hex meshing using MultiZone mesh method [22] 
 
 
 Further explained from the same source, the combination of robust and 
automated surface, inflation, and tetrahedral meshing using default physics controls 
to ensure a high-quality mesh suitable for the defined simulation allows for push-
button meshing. Local control for sizing, matching, mapping, virtual topology, pinch 
and other controls provides additional flexibility, if needed. 
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Figure 2.4: Automated structural meshing with well-shaped                               
quadratic tetrahedral elements [22] 
 
 
2.5 Meshing of interest 
 
 
Following the ANSYS user manual [22], for volume meshing, a tetrahedral mesh 
generally provides a more automatic solution with the ability to add mesh controls to 
improve the accuracy in critical regions. Conversely, a hexahedral mesh generally 
provides a more accurate solution but is more difficult to generate. 
 Therefore, in this study, I have decided to choose tetrahedral meshing method 
to approach my challenges of simulating the air flow characteristics surrounding the 
stabilizer and elevator. 
 
The reasons of choosing tetrahedral meshing method: 
 The geometry of the stabiliser and elevator are fairly complex. 
 Tetrahedral meshing is sufficient enough to produce accurate results from 
said geometry utilization. 
 The automatic solution feature will help to simplify the meshing process, thus 
reducing the preparation time for simulation. 
 For a beginner, it is advised to use tetrahedral meshing method as it would 
present less complication during setup (less user interaction). 
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2.6 Simulation in aeronautic/aerospace applications 
 
 
In these past decades, simulation has become one of the most important essences in 
aerospace engineering. To be able to simulate the environment during an aircraft’s 
flight will give an enormous insight for aerospace engineers of what’s to expect from 
the actual flight practice and enables them to predict air flow characteristics and 
aerodynamic properties, which are exerted onto and be dealt with by the aircraft’s 
body structure. With such significant advantage at hand, these engineers can now 
redesign the aircraft’s structure and reconsider the material to be used, and with the 
aid of a simulation, they are able to predict the results of their innovations. As where 
we stand today, fuel crisis has also given a huge cost impact on well-established air 
transportation companies, which leads to the reconstruction of aircrafts with 
increased lift power and reduced drag force. With the consideration of these factors, 
any improvements will surely cut down the fuel consumption of an aircraft, which 
will then be translated as an increase in cost efficiency. 
 According to a survey made by Peter and Dwight [2], a specialist in multi-
disciplinary optimization who work for NASA at the time, made a plea to the CFD 
community, in hope that they would agree to extend their codes from simple 
aerodynamic analysis to sensitivity analysis. What he meant was the ability to 
consider evaluation of the derivatives of aerodynamic quantities, which is typically 
depending on both geometry and flow, with respect to some parameterization of the 
geometry. Furthermore, as stated in the survey, the demand for such evaluation is on 
the rise because the flow itself depends on the geometry over a system of partial 
differential equations. The request that was made, pointed out the lead of 
computational solid mechanics over CFD in this respect and the significant benefits 
sensitivity analysis can provide to shape design through the use of gradient-based 
optimization. Those arguments were widely heard and in the following years, well-
appreciated effort was invested in efficient and accurate evaluation of sensitivities. 
 The survey finalizes examples of sensitivity applications and three recent 
applications of gradient-based optimization were presented. The first and second 
applications are based on Navier-Stokes optimization of a wing-fuselage 
configuration. The wing was parameterized using a free-form deformation control 
box whose node coordinates formed the design variables, as shown in Figure 2.5: 
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Figure 2.5: DLR F6 wing-fuselage parameterization [2] 
 
 
 The optimization is drag minimization at constant lift. Satisfying the lift 
constraint requires sensitivities of the lift as well as the drag. The optimization is 
performed using conjugate gradients for two different parameterizations, one coarse 
and one fine. What’s obvious is that the course parameterization achieved a drag 
reduction purely on the fuselage by means of reducing the angle-of-attack, α. As the 
optimizer attempted to preserve the lift, the drag on the wing actually increased. On 
the other hand, the fine parameterization allowed a significant improvement on the 
wing, which resulted in noticeable drag reduction, as shown in Figure 2.6 below: 
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Figure 2.6: Comparison of before and after optimization [2] 
 
 
 The third application is based on multi-disciplinary optimization of an engine 
pylon, where the optimization was performed much closer to a concrete engineering 
application, as shown in Figure 2.7 below: 
 
 
 
Figure 2.7: Surface mesh for generic transport aircraft with close up of the pylon [2] 
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It has become a norm for an engineer to use several different software 
products in order to generate and produce the best results with the highest analyses 
accuracy possible. Therefore, import or export of various data files between different 
software products is essential, typically importing geometry files from a design 
software product into a simulation software product. Though, there are already 
software products which integrates both design and simulation software features in a 
single package available on the market, that does not mean those particular software 
products have ever guaranteed ease of use to each and every single of its user, thus 
supports the increase in number of multi-software engineers. 
 Azamatov et al. [3] stated that geometry definition plays a key role in aircraft 
design, development and optimization. He then further explained, for efficient 
geometry generation, especially during the early stage of design, a step before the 
application of automated geometry generation is needed, for example, a toolbox that 
will produce generic and parameterized aerodynamic surfaces, which considers 
special requirements and constraints. 
 Unfortunately, of all the well-established CAD packages, very few are 
specialized in aircraft design. General designing systems offer solutions for 
providing data for general engineering systems and thus, could not entirely fulfil all 
configuration requirements of aircraft development throughout all design phases. 
Figure 2.8 and Figure 2.9 below show the common types of aircraft and an example 
of a representation of whole configuration geometry, respectively: 
 
 
 
Figure 2.8: Common aircraft types – (a) aeroplane, (b) helicopter, (c) missile [3] 
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Figure 2.9: Representation of whole configuration geometry [3] 
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Another journal regarding specifically on the automated approach for 
conceptual design, which highlights the necessity of import and export of geometry 
to CFD grids by Tomac and Eller [10], stated that a software system known as 
CEASIOM, aims at automation of the computation of tables of forces and moments 
for rigid or elastic aircrafts with control surfaces. In order to achieve such aims, the 
aircraft geometry must be defined, computational meshes for aerodynamic and 
structural analyses need to be created, and the solver parameter settings must be 
adapted to reliably perform multiple solutions from which the tables are compiled. 
Further discussed in their journal, the conceptual design should be projected 
to the following design phases in a format which enables easy application of the 
relevant analysis methods. The whole geometry modelling process could be 
performed in the CAD system, with mesh generation performed by general, 
commercial mesh generators. Figure 2.10, 2.11, and 2.12 are some of the examples 
of geometry models and mesh patterns for Ranger 2000 aircraft. Furthermore, major 
commercial efforts to speed up the CFD analysis cycle have produced significant 
progress towards automatic, reliable, and physics-aware mesh generation. ANSYS 
ICEM-CFD was stated to be one of the potential commercial products used to build 
unstructured tetra-hexa-prism grids for external aerodynamics analyses. 
 
 
 
Figure 2.10: Ranger 2000 models – (a) VLM, (b) CEASIOM, (c) sumo CAD [10] 
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